Plum (Prunus domestica) is one of the most widespread species of fruit trees in Asia and South-East Europe. There are large quantities of fruit wood trees without suitable usage in world. The aim of this research was to examine biometrical and chemical properties of the plum wood and its application in the pulp and paper industry. Five normal plum trees were randomly selected from Shahriyar province, Iran. A log cut down at stem (breast height) and branch for each of trees. The pith parts of cross-section were removed to examine the chemical (according to the TAPPI standard) and biometrical properties (according to the Franklin method). Results indicated that there were significant differences between stem and branch samples in fiber diameter and lumen diameter. Types of wood (branch and stem) had not significant differences on the chemical properties and fiber length, cell wall thickness and morphological properties. Among all of studied properties, the lignin, cellulose, fiber diameter, fiber lumen diameter, cell wall thickness and flexibility coefficient in branch wood is higher than stem wood. Although Runkel and flexibility coefficients of stem and branch fibers are lower than the accepted standard, but because of closing amount of lignin, extractive composition and fiber length to hardwood species, it can solve some of the problems of the lack of raw materials for paper production.
INTRODUCTION
There are 12.7 million hectares agriculture lands in Iran, which over 2.6 million hectares of them are under the plantation of fruit trees. Every year 35 million seedlings of fruit trees produce and disperse at different region. Among these fruit trees, Prunus domestica is one of the most important fruit trees in 38547 hectares under cultivation in Iran. Iran has the fifth degree of producing of plum fruit production in world. According to the peak fruiting trees and short life of plum trees (8-10 years-old) needs to be cut and replaced by new trees after these years. Therefore, large quantities of wood residues are destroyed without suitable usage.
Anatomical characteristics form the basis for wood utilization in pulp and paper making industry. The properties of paper depend on the fiber properties, anatomy and method of separation of the fibers. Fiber characteristics that influence the quality of paper are: length, fiber diameter, fiber lumen width, fiber cell wall thickness, Runkel ratio, Co-efficient flexibility and the relative fiber length (Zobel and Van Buijtenen 1989) . The fiber length is the number of bonding sites that is available on an individual fiber to form an interwoven network of fibers. It is measured from one end to another end. Long fiber lengths are preferable for manufacture of paper. Long fibers give a more open and less uniform sheet structure. Fiber length influences the tearing strength of paper. The higher of the fiber length had effect on the resistance of the paper to tearing (Oluwadare and Ashimiyu 2007 , Bhat et al. 1989 , Wimmer et al. 2002 . Fiber diameter is the diameter of fibre measured from side to side end and it is usually measured across the fiber length. The fibre lumen width is the diameter of the internal cavity. It is the distance between the inside diameter and the outer cavity. It is measured in a transverse direction. Faber lumen width affects the beating of pulp. The larger the fiber lumen width, the better will be the beating of pulp because of the penetration of liquids into empty spaces of the fibers. Fiber cell wall thickness is the thickness of the cell wall which is determined by the age of the tree. Its proportion varies in trees. It was reported that matured wood are thick walled while juvenile wood fibers are thin walled (Clark 1962, Clark and Saucier 1989) . Thick wall fibers adversely affect the bursting strength, tensile strength and folding endurance of paper. The paper manufactured from thick walled fibers will be bulky, coarse surface and contain a large amount of void volume. So, paper with thin walled fiber will be dense and well formed.
The Runkel ratio is the ratio of fiber cell wall thickness to its lumen that determines the suitability of a fibrous material for pulp and paper production. If a wood species has a high Runkel ratio, its fiber will be stiff and less flexible and poor bonding ability. High Runkel ratio fibers produce bulkier paper than fibers with low Runkel ratio. For any wood species to be of good quality for pulp and paper production, its Runkel ratio must be 1 (Xu et al. 2006 , Enayati et al. 2006 . The coefficient of flexibility, usually expressed in percentage, is derived from the ratio of lumen width to its fiber diameter. Coefficient of flexibility gives the bonding strength of individual fiber and by extension the tensile strength and bursting properties (Wangaard 1962) . Relative fiber length is the ratio of the fiber length to its diameter; it gives the tearing resistance of a paper (Varghese et al. 1995 ).
There are two major chemical components in wood: lignin (18-35%) and carbohydrate (65-75%). Both are complex, polymeric materials. minor amount of extraneous materials, mostly in the form of organic extractives and inorganic minerals (ash), are also present in wood (usually 4-10%). overall. wood has an elemental composition of about 50% carbon, 6% hydrogen, 44% oxygen, and trace amount of several metal ions (Zobel and van Buijtenen 1989, Panshin and de Zeeuw 1980) . Wood fiber characteristics and chemical composition are two important parameters which determine its suitability as raw material for the production of pulp and paper. The extractive content has a direct effect on the pulp yield, a high content reduce pulp yield. On other hand holocellulose, α-cellulose and lignin content are mainly related to pulping behavior, whereas morphology of fiber affects paper strength (Zobel and van Buijtenen 1989, Panshin and De zeeuw 1980) . Jahan et al. (2010) on the anatomical, morphological and papermaking properties of Trema orientalis wood in three different sites in Bangladesh reported that a significant difference between branch and stem were observed. Stem wood had more α-cellulose, less lignin and longer fibers than branch wood for three studied sites. Abdul-khalil et al. (2006) on the chemical composition of oil palm frond, coconut, pineapple leaf and banana stem reported that banana stem fibers exhibited the highest solubility in ethanol-benzene (10,6%), compared to other fibers. The highest and lowest values of lignin content were found in coconut and pineapple leaf, respectively.
The increased demand for wood and fiber and declining availability of wood supplies have prompted investigations the potential of fruit trees residues as raw material for the pulp and paper industry. Hence it is need to exactly investigation on the new raw material for pulp and paper production. In this paper, we determined the chemical, biometrical properties and morphological indexes of the stem and branch samples in plum wood (Prunus domestica) and its relationship in pulp and paper production.
MATERIAL AND METHODS

Wood samples
The Prunus domestica L. samples (7-10 years-old) were collected from the Shahriyar province in Iran. Five normal trees were randomly selected to determine chemical and biometry properties. Discs (stem and branch) were cut down from each tree. Diameter of stem and branch wood are 18 cm and 10 cm, respectively. The stem samples (5 discs) were prepared at breast height, while the branch samples (five discs) were prepared 1 cm above from the connecting between branch and stem. These trees have low age and low diameter, which have juvenile wood. For testing samples, pith part was removed to examine chemical and physical properties (Figure 1) . Biometrical properties 50 samples were taken from stem and branch wood for investigation fiber dimension such as fiber length, fiber diameter, lumen diameter and cell wall thickness. Franklin (Franklin 1945 ) method was used for separation of wood fibers. Specimens for measuring fiber dimensions were macerated in a mixture (1:1) of 30% hydrogen peroxide and glacial acid in a 64 °C oven for 24 hours. After maceration, the samples were washed with distilled water. The fiber dimensions were determined by Leica Image Analysis System. For this test, it was necessary to measure 20 fiber dimensions per sub-samples. The calculations of Runkel ratio (2*cell wall thickness/lumen diameter × 100), coefficient of flexibility (lumen diameter/fiber length × 100), and slenderness (fiber length/fiber diameter) were carried out using the measured data.
Chemical composition
The chemical compositions were carried out following TAPPI Test Methods (T 257 cm-85): the lignin (T 222 om-98), ash (T 211 om-93), solubility in hot water (T 207 cm-88) and alcohol-acetone (T 204 cm-88). The cellulose content of plum wood was determined according to the nitric acid method (Rowell et al. 1997) . All measurements were repeated three times. We have five disc samples from stem (5 trees × 3 times =15) and five disc samples from branch wood (5 trees ×3 times =15).
Universidad del Bío -Bío
Finally, T-test was used to determine significant difference between stem and branch plum wood samples in chemical and biometry properties. These results of wood various properties of pulm wood were compared with other fruit tress wood such as Kiwi (Actinidia Spp), Prunus armeniaca, coconut (Cocos nucifera L.) and banana stems (due to be belong to the garden production) in Iran and world. Figure 2 shows the mean and standard deviation in branch and stem of pulm wood. There is no significant difference between stem and branch samples in the lignin content. The lignin content in branch sample was slightly higher than stem sample. This result was previously reported by Jahan et al. (2010) for Trema orientalis wood.
RESULTS AND DISCUSSION
Lignin content
Lignin is an undesirable polymer, and its removal during pulping requires high amounts of energy and chemicals. The average of lignin content in plum wood was 32,26% for stem sample and 33,62% for branch sample, which is higher than banana stem (18,6%, Abdul-khalil et al. 2006) . Although pulm fibers contained the highest percentage of lignin, but the lignin value of pulm wood was still lower than that of softwood (21-37%, Tsoumis 1996) and hardwood species (14-34%; Tsoumis 1996). The mean of lignin content in pulm stem wood and branch wood were similar than that from coconut fibers (32,8%; Abdul-khalil et al. 2006) and Prunus armeniaca wood (31%; Tajik 2012). 
Cellulose content
The average of cellulose content in branch sample was slightly higher than stem sample. There is not a significant difference between branch and stem samples in the cellulose content. The cellulose values of plum wood are 51,66 and 53,24% for stem and branch samples, respectively (Figure 3) . It is satisfactory for pulp and paper production (close to or above 40%; Abdul-khalil et al. 2006) . This characteristic was observed in stem and branch of plum wood. Generally, there are positive relationship between pulp quality and cellulose content. 
Extractive content
Wood extractive cause many problems in pulp and paper processes and decrease the quality of the final product. Extractives of a raw material are undesirable parts since they can have negative impact on the pulping and bleaching operations. For example, a higher extractive content may lead to a lower pulp yield from the kraft and soda processes (Jahan et al. 2008b and 2010) . The extractives contents, including those from hot water and alcohol-acetone are higher in the stem samples than the branch wood. The mean of extractive content from hot water and alcohol-acetone were 4,17 and 2,85% for stem samples, respectively. The corresponding values for branch samples were 3,44 and 1,53% (Figure 4 ). There are no significant differences between stem and branch samples in the both extractive content. The hot water extractive content in plum wood were similar than that from hardwood (0,1-7,7%, Tsoumis 1996) and softwood species (0,2-8,5%, Tsoumis 1996). The amount of extractives is lower than that of coconut fibers (6,4%, Abdul-khalil et al. 
Fiber dimension
The descriptive statistics of fiber length, fiber diameter, cell wall thickness and lumen diameter are shown in table 1. There are significant differences between stem and branch samples in fiber diameter and lumen diameter. Wood samples had not significant difference on the fiber length and cell wall thickness. The fiber diameter and fiber lumen diameter in branch sample are higher than stem sample.
The fiber length of stem and branch wood are 0,978 and 0,968 mm, respectively. These values are shorter than softwood (2,7-4,6 mm, Tsoumis 1996), Kiwi residues (1,371 mm, Vaysi and Yosefi 2008), and are the range of hardwood fibers (0,7-1,6 mm, Tsoumis 1996). The value of fiber diameter is 13,77 μm for stem sample and is 16,83 μm for branch wood. The value of lumen diameter for stem and branch samples were determined 5,60 and 7,99 μm, respectively. Also, the amount of cell wall thickness in stem wood (4,08 μm) is higher than branch wood (4,42 μm). The fiber diameter, lumen diameter and cell wall thickness in plumwood is smaller than that of Kiwi wood (Table 1) .
Fibers were classified into three groups. The first group was considered short fibers with lengths of less 0,90 mm such as hardwood. The second group, like plum wood, had an average length between 0,9-1,9 mm. the results showed that the average fiber length of plum wood was 0,978 for stem sample and 0,968 for branch sample. The third group included fibers loner than 1,9 mm (Salehi 2001). Overall, there are positive relationships between fiber length and burst strength (Casey 1952 , Miyake 1968 , ElHosseiny and Anderson 1999 , Ona et al. 2001 , tensile strength (Casey 1952 , Miyake 1968 , tear strength (Casey 1952, Haygreen and Bowyer 1996) and folding endurance (Dinwoodie 1965 , Ona et al. 2001 . The descriptive statistics for morphological properties are shown in table 2. There are not significant different between branch and stem wood in the flexibility, Runkel and slenderness coefficients. Overall, the amount of flexibility coefficient in branch wood is higher than stem wood, while the values of Runkel and slenderness ratio in the branch wood are low. The slenderness and Runkel ratio of plum wood is higher than Kiwi wood, whereas the flexibility coefficient of Kiwi wood is higher than plum stem wood and is lower plum branch sample (Table 2) .
Flexibility coefficient is the percentage of lumen width over fiber width. It expresses the potential of fiber to collapse during beating, or during drying of the paper web. Collapsed fibers provide more bonding area and subsequently stronger papers are produced. On the other hand, strength properties of paper such as tensile strength, bursting strength and folding endurance are affected mainly by the way in which individual fibers are bonded together in paper sheets. The degree of fiber bonding depends largely on the flexibility of individual fibers (Zobel and van Buijtenen 1989) . There are four groups according to the flexibility ratio (Bektas et al. 1999 ): 1-high elastic fiber (having flexibility ratio greater than 75), 2-elastic fiber (flexibility coefficient between 50-75), 3-rigid fiber (flexibility ratio between 30-50), and 4-high rigid fibers (flexibility coefficient less than 30). As a result observed fibers of plum wood classify in rigid fibers group. The rigid fibers do not have efficient elasticity and they aren't suitable for paper production.
In general, there is a positive relationship between slenderness ratio and folding endurance (Dinwoodie 1965 , Ona et al. 2001 , and between flexibility coefficient and burst (Ona et al. 2001) , and breaking length and tear resistance (Mabilangan and Estudillo 1996) . Standard values of Runkel ratio are less than 1. Regarding to this, the plum stem sample (1,56) and branch wood (1,21) aren't suitable for pulp and paper production.
Accepted values of slenderness coefficients are more than 33. According to this morphological property, the stem wood (73,38) and branch sample (58,85) of plum wood are suitable for paper production, although they would be classified as average fibers. 
CONCLUSIONS
Significant differences in wood fiber diameter and lumen diameter existed between the stem and branch samples in Prunus domestica.
Branch wood samples had highest values of lignin, cellulose, fiber diameter, fiber lumen diameter, cell wall thickness and flexibility coefficient in Plum wood fibers are the most suitable for pulp and paper production, due to adequate chemical properties, fiber length and slenderness coefficients. Although Runkel and flexibility coefficients are lower than the accepted standard, but plum wood can solve some of the problems of the lack of raw materials for paper production due to the same properties as hardwood species.
